Leakages of amino acids and/or fluorescent material as functions of temperature between 15 and 40 C are reported for imbibed seeds of Avenafatua L., Lactuca sativa L., Barbarea vulgaris R. Br., Amaranthus albus L., Abutilon theophrasti Medic., Lychnis alba Mill., Daucus carota L., Setaria faberi Herrm., Setaria viridis (L.) Beauv., and Datura stramonium L. The leakage indicates prominent increase in permeability of the plasmalemma in the 30 to 35 C range for 8 of the 10 kinds of seeds studied. Germination of the seeds at constant temperatures or with daily shifts in temperature is related to the membrane transition temperature for permeation by amino acids. Seeds of A. albus and A. theophrasti, which did not show membrane changes in the 25 to 40 C range, germinated best at 35 to 40 C; the other seeds germinated best below 30 C. Seeds of B. vulgaris showed rapid permeation of limiting membranes upon initial wetting with water, which was indicative of membrane disorder when dry. Leakage under anaerobiosis was observed for S. faberi seeds.
Dependence of seed germination on the temperature regime has been widely examined. While the subject seems quite empirical, some regularities are evident. Notable are the different temperature ranges favorable for germination of various kinds of seeds and the often promotive effects of alternating temperatures (7) . In seeking the causes for such effects. we consider changes in seed membrane structures induced by temperature shifts.
Phase transitions have been observed, by physical methods. in membranes of several microorganisms (14, 16) . These changes correlate well with thermotropic phase transitions typical of phospholipid-water systems (14) . The transitions. or phase separations, are usually gradual with continuous dQ/dt, as measured by scanning calorimetry. They are considered to involve lipids and water in so-called "thermotropic mesomorphism" (3, 12) . The phase changes, for illustration, can be in the degree of lipid-H20 organization as from partial order (gel) toward disorder, or crystalline (highly organized) to a liquid crystalline (mesomorphic) state as an extreme. An understanding of the nature of the phase changes, while of interest, is not essential for our purpose. Membranes are treated as cell boundaries with temperature-sensitive permeabilities for some substances.
We chiefly follow leakage of endogenous free amino acids from imbided or imbibing seeds as temperatures are changed. The highly sensitive analysis used is based on fluorescence of amino acids conjugated with fluram (1). The leakage criterion for phase change is essentially the same as that reviewed by Simon (18) for resistance to fungal attack on seeds and as used to assess membrane permeation by the rate of hydrolysis of a f3-galactoside (14) by Escherichia coli.
MATERIALS AND METHODS Seed Germination. Most of the seeds were locally collected and had been held in dry storage at -20 C for from several months to 10 years.They included wild oats (Avena fatua L.
[ (17) , using C,6H33COOCH3 as an internal standard.
RESULTS
Leakage of amino acids and concomitant germination of the several kinds of seeds are shown in Figures 1, 3 , 4a, 5, and 6. Alkaloid leakage is shown for D. stramonium seeds in Figure 2 and for other fluorescent material from B. vulgaris in Fig. 4b 
DISCUSSION
The main finding is the enhanced rate of leakage of endogenous amino acids from many kinds of imbibed seeds in the temperature range of 30 to 35 C than at lower temperatures. This enhancement is interpreted as evidence for membrane transitions in the plasmalemmas. The transitions are also considered to be main factors limiting the most effective temperature range for seed germination.
The rapid increase in amino acid leakage in the 30 to 35 C region is most apparent for seeds of S. viridis and S. faberi ( Time in Hours leakage involves not only permeation of membranes of several types, but also diffusion into free space and from the seeds to external solutions. Any of these stages might affect rates. Germination at various constant temperatures (Fig. 1 , a to e) of several kinds of seeds showing membrane transitions is maximal at 30 C or lower and approaches zero at 35 C. Results for S. faberi (Fig. Id) and A. fatua (Fig. le) are particularly striking in the rapid decrease in germination in the 30 to 35 C range. The results for L. sativa (Fig. la) and D. carota (Fig. I b) offer some contrast in that the marked decrease in germination of the former is below 30 C but the decrease for the latter is above 30 C. Temperatures for maximum germinations of L. sativa, D. (Fig. I e) , and B. vulgaris (Fig. If) . The increases in slope of the temperature (T) versus leakage (L) curves with these seeds are about 10-fold in the region of 32 C relative to that at 15 to 25 C. Amino acid loss approaches 100% in 4 hr for S. viridis and S. faberi seeds at 40 C and is about half as great for A. fatua and B. vulgaris seeds. Increases in T versus L slopes also became evident for D. carota (Fig. lb) and L. alba (Fig. 1c carota, L. alba, S. faberi, S. viridis, and A. fatua seeds (Fig. 1, a to e) possibly are in the region where the amino acid permeations begin to increase. Germination of these seeds, however, is enhanced or only slightly reduced when they are shifted daily for 8 hr from 20 to 30 or 35 C. Results for B. vulgaris seeds (Fig. If) show the enhancement of germination at 20 C by a shift in temperature to >30 C for only 64 min. Results with A. albus (Fig. 3a) and A. theophrasti (Fig. 3b ) seeds contrast sharply with the preceding ones. Amino acid leakage is very low over the 15 to 40 C range without evidence of a membrane transition. Germination of these seeds increases with temperature to 40 C.
Results for leakage of material from seeds of B. vulgaris when followed from first placing the seeds in water (Fig. 4, a and b) and of amino acids from seeds of S. faberi under anaerobic conditions (Fig. 6 ) are corollary to the preceding results. A short period is required for organization of the plasmalemma (probably for other membranes too) when the seeds are first wetted. At 40 C, the amino acid loss can reach 50% within 10 min. Also, the plasmalemma loses organization under anaerobic conditions (Fig. 6) . These results agree with the extensive literature reviewed by Simon (18) . The leakage of material from crop seeds has been correlated with susceptibility to fungal attack in soil; citations are for peas (6, 19) , French beans (13) , and cotton (8) .
Hayman (8) A somewhat similar approach had earlier been followed by Cohen (4) . He found that enhancement of lettuce seed germination at 22 C following heating at seeds from 22 to 33 C, after 12 hr imbibition at 22 
